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¥ walking ! -functions? " SB phase? which models are potential dilaton candidates?
¥ linear #-model with low mass mg ! m# requires extensions ! dilaton?

¥ dilaton signatures in the p-regime of the sextet model 2016 Bernardfest: Shamir explains
to me the problem with capturing the dilaton: NDA does not work. 2017 BU workshop: while lwe are
struggling with the sextet analysis, Appelquist et al.: it works for nf=8 anyway. Hmmm !,

¥ dilaton sighatures in the %egime ?

¥ Simulating the effective potential of the composite scalar


http://dx.doi.org/10.1103/PhysRevD.94.091501
http://arxiv.org/abs/arXiv:1712.08594
http://arxiv.org/abs/arXiv:1710.09262
http://arxiv.org/abs/arXiv:1711.04833
http://arxiv.org/abs/arXiv:1711.05299

testing scale-dependent BSM gauge couplings and ! -functions:

BSM quest for light scalar (dilaton?) and near-conformal S-function SCGT Theory Space
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g° (scale-dependent renormalized coupling)

¥ with established " SB, sextet model closest to CW in explored range of ! -function

¥ nf=10 is not conformal in explored ! -function range of our analysis Dani Nogradi

¥ nf=12 is not conformal in explored ! -function range of our analysis new check here
¥ nf=13 is conformal  Kieran Holland

¥ sextet SU(2) flavor group simplest with light 0++ scalar N dilaton analysis
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light 0++ scalar and spectrunsextet model kHC
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Ch | PT difbculties? sextet sandF inconsistency
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¥ taste broken goldstone spectrum
¥ 6 parameters describe 10 data
¥ B and F are inconsistent in the bts

¥ cutoff effect is OinputO



Ch | PT difbculties? sextet sandF consistency forced but light scalar ignored

rooted staggered chiral perturbation theory
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¥ 6 parameters describe 10 data
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¥ taste broken goldstone spectrum
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{\ sextet model Goldstone pion in PCAC channel}
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linear #-model in simulations in low mass range with mg ! m# requires extension

J(2)! V(2)! O(4) for sextet model
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generalize linear O(4) #-model in low mass m, ! m. range
" nonlinear #-model, perhaps dilaton?



extended EFT of "- $ entanglement in the BSM Higgs sector:

! ,:' Sotoet al. targeting QCD
........ $-------- —r . u--..--_
Nuclear Physics B 866 (2013) 270D 2¢
f, ! | ) Sanino et al. added new terms for BS|
-------- L AVAYAVaV ceemeeIrAANNAN T uvvw
1 V2 h h  h light O++ scalar:
L :Eauhauh—V(h)+Z(DuZTDNZ)-(l+2a;+bF+b3F+...]
Janay, o "-particle or dilaton?
>X=e" "V with "* Pauli matrices
V(h):lmf-hz+d3(ﬂzj-h3+d4(ﬂ22]-h4 . simplest dilaton Lagrangian is
2 2v 8V non-linear "-model limit

#-model limit (SM): a=b=d,=d, =1 (or more relaxed in $SB framework)
dilaton model limit: a=b*, b, =0 scale symmetry breaking set by f, (in far IR $SB can be triggered)

,» F . M. arecaculated to 1-loop: extended SU(2) flavor chiral dynamics

We have been analyzing the small pion massregion inthe M, = 0.07- 0.015 range

of the p-regime, also targeting the #regime

linear sgmamodel limit in of $PT p-regime smulations requires very small pion masses
m ! m_ not reached in p-regime smulations



Low energy effective theory of the #(x) dilaton field and the $2(x) Goldstone bosons
separated from the higher resonance states with SU(2) flavor in sextet model:
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Appelquist et al.

dictionary for the effective dilaton theory coupled to Goldstone pions:

f, Goldstone decay constant | F,
m, =2mB Goldstone pions i o M_ , . .
| . " chiral limit % - with fermion mass deformations m
fqy dilaton decay constant F,
m, dilaton mass g My |




How do we test dilaton theory? General scaling laws:  Golterman and Shamir

Appelquist et al. nf=8 tests
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scaling test independent of the dilaton potential
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mass anomalous dimensibfrom Dirac spectrumsextet data

¥ Chebyshev expansion of mode number

¥ inPnite volume limit from FSS
¥ m -> 0 chiral limit at bxed a

¥ a-> 0 continuum limit
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test of the dilaton potential V(x) ~ x°

£ =23.20 bare gauge coupling
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dilaton OdecouplingO in th&regime

chiral p-regime

rotétor - pion
energy gap M =42Bm,
I ' I >
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40 configurations with Q=0
flow time t=3
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In RMT dynamics: Ve
m, ! O mixed "" regime (Damgaard-Fukaya)

pion light and dilaton "heavy"

tilted condensate
m_=0 limit: dilaton is decoupled from pion zero mode in € regime

- Mixed regime RMT analysis: !
sea quarks earlier in p-regime this is changed now!
spectrum in "-regime!

- taste breaking is handled in same framework !
James Osborne worked out!

- thanks to James for the discussions and the !
opportunity for checking our software on the !
output of his code



dilaton OdecouplingO in th&regime

# simulations of the $-regime are set up and running:!

# staggered stout fermions at our medium Pne lattice spacing!

# dropping down from our lightest pion mass m*a ~ 0.07 in the p-regime!
# one order of magnitude (2 orders of magnitude in the fermion mass)!

H# 64/4 lattice size running in the m=0.001- 0.00001 fermion mass range!
H# Mpi*L ~ 0.5 11!

H#F*L ~ 1is our projection - important for "-regime expansion!



constraint effective potential

exp(—QUq(®)) = /d¢ (q)_ _z(p )exp (—S[¢]) scalar peld! (x) elementary, or source of
composite operator

P(®) = %exp(_QUQ(cp)), Z= /d(p’exp(_QUQ(q)’)) probability distribution of order

parameter in bnite volume !

Implementation with fermion Pelds:  jk, Lee Lin, Pietro Rossi, Yue Shen, NPB Proc. Suppl. 9 (1989) 99-104

AUet . 1., 3 _ _ B 1 HMC at bxed zero momentum mode of
o MO+ A ) —Nry(W¥)o, (W) =(TrD] Do o peld

composite O++ scalar emergent from NJL: equivalent Yukawa model

d(x,t) = m(x,t),
aSeff aseﬁ

90 (x,1) Q ~ 36 (31)

wt(x,t) = —

éZ‘p(y,t):(Da 271’()’,t)=0



constraint effective potential

2_IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIIIIIIIII
. | — 1-loop renorm PT with cut-off
- | = 1-loop renorm PT without cut-off
L5 = | e simulations
i jk, Kieran Holland
} LatHC
o =
= i
~~ -
2 osf
o can be extended to four-fermion
- operator and more general BSM
i models
0
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can we extend the analysis to gauge theories?



Summary:

sextet model is consistent withSB from all angles we looked at
general EFT approach will change thel analysis

dilaton EFT Is a new fresh look

dilaton signatures are problematic in sextet model

sources of the problem?

missing dilaton terms? scale dependgit)? loop control?

the $-regime (RMT) is new opportunity for general EFT signatures!

K K K K K K K K

constraint effective potential method



